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Ten polymorphic microsatellite loci were isolated and characterized for Vriesea simplex
epiphytic and endemic species from the Brazilian Atlantic Rainforest. The number of al-
leles per locus ranged from 2 to 16. The observed and expected heterozygosity ranged
from 0.000 to 0.414 and 0.068 to 0.795, respectively. All loci departed signiﬁcantly from
HardyeWeinberg equilibrium. Linkage disequilibrium was not detected in any pair of loci.
Transferability of 10 loci was positive across ten other Bromeliaceae species. The loci will
be used for studying population genetic structure, mating system variation, and the origin
and maintenance of reproductive barriers to gene exchange among sympatric Vriesea
species.
© 2014 Elsevier Ltd. All rights reserved.1. Introduction
The Bromeliaceae is a widely represented angiosperm family in the Neotropics and is an excellent example of adaptive
radiation in vascular plants (Benzing, 2000), which provides an excellent model for studying divergence between populations
and species (Sarthou et al., 2001; Barbara et al., 2007a; Palma-Silva et al., 2009), and for understanding the role of gene ﬂow
during speciation processes among sympatric plant species (Palma-Silva et al., 2011).
The Vriesea Lindl. genus (Tillandsioideae) contains a large number of species (~260), and is the third-largest genus of the
Bromeliaceae family (Luther, 2010). The Atlantic Rainforest in eastern Brazil is one of the centers of diversity for the genus,
where >80% of the species occur (Martinelli et al., 2008). Vriesea simplex (Vell.) Beer is an endemic epiphytic species from the
Brazilian Atlantic Rainforest, with a geographical distribution from the northeast to the southeast along the Brazilian coast
(Forzza et al., 2010).
The co-dominant molecular markers such as microsatellites have been used as an effective tool to generate useful in-
formation on evolutionary processes (Ellegren, 2004). The majority of the microsatellite markers developed for Bromeliaceae
focus on rock-outcrop species (i.e. Pitcairnia - Sarthou et al., 2003; Paggi et al., 2008; Alcantarea -Palma-Silva et al., 2007;Palma-Silva).
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Orthophytum - Aoki-Gonçalves et al., 2014). At present, only 10 microsatellite loci are available for the genus Vriesea (Palma-
Silva et al., 2007). Here, we report the isolation and characterization of 10 microsatellite loci for V. simplex. The microsatellite
loci reported here will be used to study population genetic structure, mating system variation, and the origin and mainte-
nance of barriers to gene exchange among sympatric Vriesea species. Furthermore, we tested the cross-ampliﬁcation of these
loci in 10 species from three subfamilies of Bromeliaceae.2. Materials and methods
2.1. Construction of a microsatellite-enriched library and primer design
Total genomic DNAwas extracted from the leaf tissue of one individual of V. simplex according to Doyle and Doyle (1990).
Genomic DNA was digested using the restriction enzyme RsaI (Promega, Madison, Wisconsin, USA) and the fragments were
linked to adapters (Rsa21 50-CTCTTGCTTACGCGTGGACTA-30 and Rsa25 50-TAGTCCACGCGTAAGCAAGAGCACA-30). The library
was then enriched for (CT)8, (GT)8 and (TTC)8 repeats using biotinylated microsatellite probes, and the target fragments were
captured by the use of streptavidin-coated magnetic beads (Promega Corporation, Madison, Wisconsin, USA). Microsatellite-
enriched DNA fragments were ligated into a pGEM-T Easy vector (Promega). Plasmids were introduced into Escherichia coli
XL-1 Blue strains. Transformed cells were grown on Petri dishes with LuriaeBertani (LB) agar medium containing ampicillin
(100 mg ml1) and X galactosidase (5-bromo-4-chloro-indolyl- b-D-galactoside) (50 mg ml1). A total of 96 recombinant
colonies were obtained and sequenced byMacrogen Inc (Seoul, Rep. of Korea) using T7 (50-TAATACGACTCACTATAGGG-30) and
SP6 (50- ATTTAGGTGACACTATAG-30) sequencing primers. For clones containing SSR motifs, forward and reverse sequences
were aligned to obtain the consensus sequence in the program Sequencer version 4.1.2 (Gene Codes Corp., Ann Arbor,
Michigan, USA). Primers were designed with the software PRIMER3 (Rozen and Skaletsky, 2000). Forward primers were
synthesizedwith a 19-bpM13 tail (50CACGACGTTGTAAAACGAC-30) at the 50 end to allow labelingwith a tailed ﬂuorescent dye
(FAM, NED, VIC and PET) during ampliﬁcation and multiplex genotyping procedures (see Table 1).2.2. Ampliﬁcation conditions and validation of primers
All polymerase chain reaction (PCR) ampliﬁcations were performed in a Veriti 96-Well Thermal Cycler (Applied Bio-
systems) in a reaction volume of 12 mL containing ~5 ng DNA template, 5 GoTaq Master Mix (Promega Corporation), 5 pmol
forward primer, 10 pmol reverse primer, and 1 pmol universal M13 primer tagged with ﬂuorochromes (FAM, NED, VIC and
PET). A touchdown cycle program was used as described by Palma-Silva et al. (2007). The amplicons were checked on 1%
agarose gel stained with GelRed (Biotium, Hayward, California, USA) and were genotyped in an automated sequencer 3500
DNA Analyzer (Applied Biosystems) with standard size GeneScan 500 LIZ (Applied Biosystems). The electropherograms were
analyzed in GeneMaker software version 4.1 (Applied Biosystems). Forty-three individuals from two populations (Table 2)
were used to evaluate the ampliﬁcation success and loci polymorphism.Table 1
Characterization of 10 polymorphic microsatellite markers developed for Vriesea simplex. Locus name, primer sequence (F: forward, R: reverse), repeat motif,
fragment size range in base pairs (bp), ﬂuorescence dye, number of alleles per locus (A), observed heterozygosity (HO), expected heterozygosity (HE), and
GenBank accession numbers are shown.
Locus Sequence (50/30) Repeat motif Size range (bp) Fluorescence dye A HO HE PIC GenBank
F: ACCCCGAACCCTATTTGAAG
Vs1 R: CCCCCAGGAACCCATACT (CTT)10 181e266 VIC 9 0.275 0.436 0.664 KM817778
F: GTCGGAGCTTTTGAGTGTTG
Vs2 R: GCCCACTAGAAACAGGCAAG (TG)11 239e258 PET 8 0.175 0.323 0.566 KM817779
F: CCCCATTAAACTCTAGGCATCC
Vs6 R: GTAGCAACGGAACCCATTTG (GA)22 137e188 NED 13 0.071 0.615 0.757 KM817780
F: ACGCGTGTGCATGTAAGAGA
Vs8 R: CACTGTCGGGTGTTATGTGA (CA)8 203e229 FAM 7 0.107 0.396 0.748 KM817781
F: GGCGAGTGACATACCGATTT
Vs9 R: ATGCATCCAACCAAGCTCTC (GA)21 306e329 FAM 16 0.348 0.573 0.592 KM817782
F: GAATCGAGTCGGTGTGACCT
Vs10 R: CCATACCTCAATTCCTCATTCG (AC)10(CT)5 187e196 VIC 12 0.305 0.846 0.818 KM817783
F: GTGCATGCAGAGCCTTATGA
Vs17 R: AGCGTAAAAGCCATGGAAGA (CA)14(GA)9 161e185 VIC 13 0.414 0.795 0.509 KM817784
F: GAAGTCACACGCACAAGTCC
Vs18 R: TGTAGCAACCCGAAAAGTGA (CT)5 TT (CT)3 295e297 FAM 2 0.000 0.068 0.884 KM817785
F:CATTTCTCATCATGAAGTAAAGCAG
Vs19 R: ACGTCTCTCTCCTTGCCAGA (CTT)13 … (CT)10 264e292 PET 9 0.181 0.482 0.772 KM817786
F: GGCCCAATTACGTGTAGGAG
Vs20 R: TGAGGATCAAGGATGAAATCG (GA)14 283e312 NED 13 0.214 0.447 0.806 KM817787
All loci departed signiﬁcantly from HWE at the 0.05 level.
Table 2
Location of sampled populations and parameters of genetic diversity in Vriesea simplex.
Population Latitude S Longitude W N R HO HE FIS
Monte Pascoal - MP 16874.072 39401.283 23 2.3 0.050 0.157 0.690*
Santa Virginia - SV 23337.611 45147.028 20 8.0 0.368 0.755 0.521*
Number of individuals sampled (N), allelic richness (R), observed heterozygosity (HO), expected heterozygosity (HE), and inbreeding coefﬁcient (FIS). Sig-
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All microsatellite loci were tested in 10 species belonging to the three sub-families of Bromeliaceae (Table 3). The PCR
conditions were performed as previously described. The amplicons were visualized in 1% agarose gel stained with GelRed
(Biotium). The loci were considered successfully ampliﬁed when at least one band of the expected sizewas observed. A 100bp
DNA ladder (Promega) was used as molecular size marker.
2.4. Data analysis
Genetic diversity per locus and population were evaluated through the following descriptive summary statistics: allelic
richness (R), number of alleles (A), observed (HO) and expected (HE) heterozygosity, and inbreeding coefﬁcient (FIS) using the
MSA program (Dieringer and Schl€otterer, 2003) and FSTAT program (Goldet, 1995). GENEPOP version 3.5 (Raymond and
Rousset, 1995) was used to test the HardyeWeinberg equilibrium (HWE) and linkage disequilibrium (LD) for all loci. The
CERVUS program (Kalinowski et al., 2007) was used to calculate polymorphic information content (PIC). The Micro-Checker
2.2.3 program (Van Oosterhout et al., 2004) was used to assess genotyping errors due to the presence of null alleles, stuttering,
and allele dropout.
3. Results and discussion
From the 96 recombinant colonies sequenced, 33 presented microsatellite repeat motifs, of which 22 presented proper
ﬂanking regions for primer design. Loci that performed poorly in the ampliﬁcation screening orweremonomorphic are listed in
Appendix S1. Overall, ten loci were polymorphic with a total of 102 alleles, ranging from 2 to 16 per locus. The observed and
expected heterozygosity ranged from 0.000 to 0.414, and 0.068 to 0.795 per locus, respectively (Table 1). Polymorphic infor-
mation content ranged from 0.509 to 0.884 per locus and all markers were highly informative (PIC>0.5). All loci showed sig-
niﬁcant departure from HWE equilibrium, consistent with inbreeding and/or Wallund effects. No linkage disequilibrium was
detected inanypairof loci.MICRO-CHECKER software foundnoevidenceof scoringerrordue to stutteringor large alleledropout.
The SV population presented higher values of allelic richness, expected and observed heterozigosity parameters than the
MP population (Table 2). On the other hand, theMP population represents the northernmost population of the species’ range.
In fact, lower genetic diversity has been predicted for populations at range margins (Palma-Silva et al., 2009). As the spatial
isolation of populations increase, genetic drift becomes more inﬂuential than gene ﬂow, and the differentiation among
populations is expected to become greater (Hutchison and Templeton, 1999). The consequences of limited gene ﬂow and
decrease of genetic diversity at range margins of V. simplex will be addressed in a wide-range population genetic study.
Cross-species ampliﬁcation tests revealed four primer loci (Vs01; Vs08; Vs09; Vs10) ampliﬁed satisfactorily among all
species from three subfamilies (Table 3), indicating that these loci may be useful for population genetics, including phylo-
geography, species cohesion and delimitation, and barriers to gene ﬂow for other bromeliad species. The success of trans-
ferability between various species of Bromeliaceae may be a consequence of rapid adaptive radiation of this family and lowable 3
ransferability of 10 microsatellite markers developed for Vriesea simplex across species of three sub-families of Bromeliaceae.
Species Vs1 Vs2 Vs6 Vs8 Vs9 Vs10 Vs17 Vs18 Vs19 Vs20
Bromelioideae
Aechmea organensis Wawra þ þ e þ þ þ e e e þ
Aechmea coelestis (K. Koch) E. Morren þ þ e þ þ þ þ e e e
Aechmea gracilis Lindm. þ þ e þ þ þ e e e e
Pitcairnioideae
Pitcairnia ﬂammea Lindl. þ þ e þ þ þ e e e e
Pitcairnia albiﬂos Herb. þ e e þ þ þ þ e e e
Pitcairnia staminea Lodd. þ e e þ þ þ e þ e e
Pitcairnia corcovadensis Wawra þ þ e þ þ þ þ þ e e
Orthophytum ophiuroides Louzada & Wand þ e e þ þ þ e e e e
Tillandsioideae
Vriesea gigantea Gaud. þ e e þ þ þ þ e þ þ
Vriesea scalaris E. Morren þ þ þ þ þ þ þ e þ þ
Total 10 6 1 10 10 10 5 2 2 3
þ’ indicates successful ampliﬁcation; ‘e’ indicates unsuccessful ampliﬁcation.
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and even between different subfamily species (Barbara et al., 2007b).
The 10 polymorphic loci isolated for V. simplex proved to be useful for studying the genetic diversity of this species and will
be used to test hypotheses regarding the origin and maintenance of barriers to gene exchange among sympatric species of
Vriesea. Such markers will provide knowledge of genetic diversity and population genetic structure, which will be important
for conservation strategies in the Atlantic Rainforest.
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